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( ) . Hamilton
. , Liouville-Arnold [1]:



















5. ( ) Yang-Mills [4]:







7. $[6, 7]$ :
, (N-
) .
8. $B\ddot{a}$ lund [6]:
( )
.






( ) , 3.$Lax$ .
2 ( ) $\psi=(\begin{array}{l}\phi_{1}\phi_{2}\end{array})$ :
$\{\begin{array}{l}\psi_{x}=\mathcal{X}\psi\psi_{t}=\mathcal{T}\psi\end{array}$ (1)
. , $\mathcal{X}$ $\mathcal{T}$ , 2
$\{\begin{array}{l}\mathcal{X}=-i\eta\sigma_{\theta}+u\sigma_{+}-\sigma_{-}\mathcal{T}=\frac{1}{2}(i\eta u-2u_{x})\sigma_{3}+\frac{1}{4}(2i\eta u_{x}-u_{xx}-2u^{2})\sigma_{+}+\frac{1}{2}u\sigma_{-}\end{array}$ (2)
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. ,
$\sigma_{3}=(\begin{array}{l}100-l\end{array})$ , $\sigma+=(\begin{array}{ll}0 10 0\end{array})$ , $\sigma_{-}=(\begin{array}{ll}0 01 0\end{array})$ (3)
3 , $u=u(t, x)$ $\eta=\eta(t)$ .





$[\partial_{x}-\mathcal{X}, a-\mathcal{T}]=0\Leftrightarrow \mathcal{X}_{t}-\mathcal{T}_{x}+[\mathcal{X}, \mathcal{T}]=0$ (5)
4. , $\eta$
$\eta_{t}=0$ (6)
, ( ) , Korteweg-de Vries
$(KdV)$ [11] :
$u_{t}+ \frac{1}{4}u_{xxx}+\frac{3}{2}uu_{x}=0$ (7)
(5) . (6) ( $\dot{u}$osPectrvsl)
, (1) , (5) ( )




[12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22]. ,
, $(1+1)$
( ) , , . ,
AKNS .
.
$3\epsilon l(2)$ . A .






( ) , ,








3 $GL(n)$- ( ) $\psi=\psi(t, x, z)$
$\{\begin{array}{ll}\psi_{x}=\mathcal{M}\psi, (\partial_{t}-\xi^{j}\partial_{z})\psi=\mathcal{N}\psi, j\in\pm N\end{array}$ (8)
6. , $\mathcal{M}$ $N$ 7
, $\xi$ , $\xi=\xi(l, z)$ . , (
):
$(\partial_{t}-\xi^{j}\partial_{z})\psi_{x}=\partial_{x}\{(\partial_{t}-\xi^{j}\partial_{z})\psi\}$ $\Leftrightarrow$ $[\partial_{x}, \partial_{t}-\xi^{j}\partial_{l}]=0$ (9)
, (8) :
$[\partial_{x}-\mathcal{M}, \partial_{t}-\xi^{j}\partial_{z}-N]=0\Leftrightarrow \mathcal{M}_{t}-\mathcal{N}_{x}+[\mathcal{M},$ $\mathcal{M}-\xi^{j}\mathcal{M}_{z}=0$ (10)
. , $\xi$ :
$\xi_{t}=\mathcal{F}(\xi,\xi_{z})$ (11)
8. (11)
(non-isospectral) . , (8)
6 . $\partial_{l}$ $\xi$
. KdV
. , ( ) Yang-MiUs
Bogomolny .
7 . .




, . $\psi_{z}=\psi_{x}$ ( $z=x$ )
, (non-isospectral) (8)
$\{\begin{array}{ll}\psi_{x}=\mathcal{M}\psi, \psi_{t}=(\xi^{j}\mathcal{M}+N)\psi, j\in \mathbb{Z}\end{array}$ (12)
, $\psi_{z}=\psi_{t}$ ,
$\{\begin{array}{ll}\psi_{x}=\mathcal{M}\psi, (1-\xi^{j})\psi_{t}=N\psi, j\in \mathbb{Z}\end{array}$ (13)
9 . (isospectml)
, Korteweg-de Vries(KdV) , Ablowitz-Kaup-Newell-Segur
.
, .
$i\in N$ Ablowitz-Kaup-Newell-Segur(AKNS) ,
(non-isospectrd) (8) .
2 : AKNS
AKNS , 2 $\psi=(\begin{array}{l}\phi_{1}\phi_{2}\end{array})$ $\mathcal{M}$
$\mathcal{N}$ 2 $10_{\ddagger}$
$\{\begin{array}{l}\mathcal{M}=-i\xi\sigma_{3}+q\sigma_{+}+r\sigma_{-}\mathcal{N}=A\sigma_{3}+B\sigma++C\sigma_{-}\end{array}$ (14)
. , $q=q(t, x, z),$ $r=r(t, x, z),$ $A=A(\xi;q, r, q_{x}, r_{x}, \ldots.)$. $B=$
$B(\xi;q, r, q_{x}, r_{x}, \ldots.),$ $C=C(\xi;q, r, q_{x}, r_{x}, \ldots.)$ 11. , $\mathcal{M}$ $\mathcal{N}$
$[\mathcal{M}, N]$ $=$ $[-i\xi\sigma_{3}+q\sigma_{+}+r\sigma_{-}, A\sigma_{3}+B\sigma++C\sigma_{-}]$
$=$ $(qC-Br)\sigma_{3}-2(i\xi B+qA)\sigma++2(i\xi C+rA)\sigma_{-}$ (15)
9 .
10 $B$ .
11 , $q$ . $r,$ $A,$ $B$ $C$ . .
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, (non-isospectral) Lax (10) ,
:
$A_{x}-qC+Br+i(\xi_{t}-\xi^{j}\xi_{z})=0$ , (16)
$q_{t}-B_{x}-\xi^{j}q_{z}-2i\xi B-2qA=0$ , (17)
$r_{t}-C_{x}-\xi^{j}r_{z}+2i\xi C+2rA=0$ (18)
. , $A\sim C$ $\xi$ :
$A= \sum_{k=j_{C}}^{j_{A}}A_{k}\xi^{k}$ , (19)
$B= \sum_{k\approx j_{b}}^{j_{B}}B_{k}\xi^{k}$ , (20)
$C= \sum_{k=j_{c}}^{j_{C}}C_{k}\xi^{k}$ (21)
, AKNS . , $A_{j}=$
$A(q, r, q_{x}, r_{x}, \ldots.),$ $B_{j}=B(q, r, q_{x}, r_{x}, \ldots.)$ $C_{j}=C(q, r)q_{x},$ $r_{x},$ $\ldots.$ ) .
, (19) -(21) (16)-(18) . (16)
,
$\sum_{\succ j_{l}}^{j_{A}}(A_{k})_{x}\xi^{k}-\sum_{k=j_{c}}^{j_{C}}qC_{k}\xi^{k}+\sum_{k=j_{b}}^{j\epsilon}B_{k}r\xi^{k}=i(\xi_{t}-\xi^{j}\xi_{z})$ , (22)
(17) ,
$q_{t}= \sum_{k=j_{b}}^{j_{B}}(B_{k})_{x}\xi^{k}+\xi^{j}q_{z}+2i\sum_{k=j_{b}}^{j\epsilon}B_{k}\xi^{k+1}+2\sum_{k=j_{a}}^{j_{1}}qA_{k}\xi^{k}$










. , $A,$ $B,$ $C$ :
$0$ $=$ $\sum_{k=j_{a}}^{j_{A}}(A_{k})_{x}\xi^{k}-\sum_{k=j_{\epsilon}}^{jc}qC_{k}\xi^{k}+\sum_{k=j_{b}}^{j_{B}}B_{k}r\xi^{k}$ , (26)
$q_{t}$ $=$ $\sum_{k=j_{b}}^{j_{B}}(B_{k})_{x}\xi^{k}+\xi^{j}q_{z}+2i\sum_{k=j_{b}+1}^{j_{B}+1}B_{k-1}\xi^{k}+2\sum_{k=j_{a}}^{j_{A}}qA_{k}\xi^{k}$ , (27)
$r_{t}= \sum_{k=j,}^{jc}.(C_{k})_{x}\xi^{k}+\xi^{j}r_{z}-2i\sum_{k=j_{C}+1}^{jc+1}C_{k-1}\xi^{k}-2\sum_{k=j_{t}}^{j_{4}}rA_{k}\xi^{k}$ (28)
AKNS .
$i>0$ $j_{A},$ $j_{B},$ $jc$ $j_{a},j_{b}$ , j .
(27)
$j_{A}=j_{B}+1=j$ , $j_{a}=j_{b}=0$ (29)
(28)
$j_{A}=j_{C}+1=j$ , $j_{a}=j_{c}=0$ (30)
,
$j_{A}=j$, $j_{B}=j_{C}=j-1$ , $j_{a}=j_{b}=j_{c}=0$ (31)
. (22)-(24) ,
$(A_{j})_{x} \xi^{j}+\sum_{k=0}^{j-1}\{(A_{k})_{x}-qC_{k}+B_{k}r\}\xi^{k}=0$ , (32)
$q_{t}-2qA_{0}-(B_{0})_{x}$
$=(q_{z}+2iB_{j-1}+2qA_{j}) \xi^{j}+\sum_{k=1}^{j-1}\{(B_{k})_{x}+2iB_{k-1}+2qA_{k}\}\xi^{k}$ , (33)
$r_{l}+2rA_{0}-(C_{0})$.
$=(r_{z}-2iC_{j-1}-2rA_{j}) \xi^{j}+\sum_{k=1}^{j-1}\{(C_{k})_{x}-2iC_{k-1}-2rA_{k}\}\xi^{k}$ (34)
. , $\xi$ , $1\leq k\leq j-1$ $0\leq k’\leq j-1$ $(j, k, k’\in N)$
111
,$A_{j}=\alpha_{j}(t, z)$ , (35)
$B_{j-1}=iq \alpha_{j}(t, z)+\frac{i}{2}q_{z}$ , (36)
$C_{j-1}=ir \alpha_{j}(t, z)-\frac{i}{2}r_{t}$ , (37)
$A_{k’}=\partial_{x}^{-1}(qC_{k’}-B_{k’}r)$ , (38)
$B_{k-1}=iqA_{k}+ \frac{i}{2}(B_{k})_{x}$ , (39)
$C_{k-1}=irA_{k}- \frac{i}{2}(C_{k})_{x}$ (40)
12 , $q$ $r$ :
$\{\begin{array}{l}q_{t}-2qA_{0}-(B_{0})_{x}=0r_{t}+2rA_{0}-(C_{0})_{x}=0\end{array}$ (41)
.
$i\in N$ , $A_{k}$ . $B_{k}$ . $C_{k}$ , ,
$q$ $r$ . ,
$j=2(2n)$ $j=1(2n-1)$ .
KdV ( ) , NLS
( ) .
2.1 $j=2$
$j=2$ , (35)-(40) ,
$A_{2}=\alpha_{2}$ , (42)
$B_{1}=iq \alpha_{2}+\frac{i}{2}q_{z}$ , (43)
$C_{1}=ir \alpha_{2}-\frac{i}{2}r_{l}$ , (44)
$\Lambda_{1}=-\frac{i}{2}\partial_{x}^{-1}(qr)_{z}$ , (45)
$B_{0}= \frac{q}{2}\partial_{x}^{-1}(qr)_{z}-\frac{\alpha_{2}}{2}q_{x}-\frac{q_{xz}}{4}$ , (46)
$C_{0}= \frac{r}{2}\partial_{x}^{-1}(qr)_{z}+\frac{\alpha_{2}}{2}r_{x}-\frac{r_{xz}}{4}$ , (47)
$A_{0}= \alpha_{2}rq+\frac{1}{4}\partial_{x}^{-1}(rq_{xz}-qr_{xz})$ , ( )







$\bullet$ $\alpha_{2}=0$ $r=-1$ , Calogero-Bogoyavleokii-Schiff [14,




. $z=xf_{i}\text{ ^{}\backslash },X\overline{\pi}^{\backslash }\Phi^{\backslash }RF^{\wedge}X$
$,$
$(51$ , KdV $B$ $(7)\text{ ^{}\gamma_{J}}6^{13}$ .




$\{\begin{array}{l}\mathcal{M}=-i\xi\sigma_{3}+q\sigma_{+}-q\sigma_{-}\mathcal{N}=\frac{1}{2}i\xi\partial_{x}^{-1}(q^{2})_{z}\sigma_{3}+\frac{1}{4}\{2i\xi q_{z}-q_{xz}-2q\partial_{x}^{-1}(q^{2})_{z}\}\sigma_{+}+\frac{1}{4}\{2i\xi q_{z}+q_{xz}+2q\partial_{x}^{-1}(q^{2})_{z}\}\sigma_{-}\end{array}$ (54)
. $z=x$ , (53) modified KdV
.
13$q=u,$ $\xi=\eta$ , $\mathcal{M}=X$ $N=\mathcal{T}$ .
$14r=-1$ $r=-q$ (Miura ) ....
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2.2 $j=1$
$j=2$ , [26] :
$\{\begin{array}{l}iq_{t}+q_{xz}-2q\partial_{x}^{-1}(qr)_{z}=0ir_{t}-r_{xz}+2r\partial_{x}^{-1}(rq)_{z}=0\end{array}$ (55)
. Zakharov . $r=\pm q$’ ,
Nonlinear Sdwodeinger (NLS) ( reduced Zal arov [14, 15, 16,
17, 27, 28, 29, 30, 31]:
$q_{t}-iq_{xz}\pm 2iq\partial_{x}^{-1}(|q|^{2})_{z}=0$ (56)
. $z=x$ , (55) Zakharov , (56)
NLS (reduced Zakharov ) .
3
,
. , AKNS ,
.
,





$\bullet$ (AKNS ) 2 3
$\bullet$ , Ymg-Mills , ,











) ( ) .
, ( ), (ROHM LSI)
( ) .
, 2007 2 3 ,





, L. A. Ferreira
( ) .





Pauli ( ) :
$\sigma_{1}=(\begin{array}{ll}0 11 0\end{array})$ , $\sigma_{2}=(\begin{array}{l}0-i0i\end{array})$ , $\sigma_{3}=(\begin{array}{l}010-1\end{array})$
17. ,
$\sigma_{+}\equiv\frac{1}{2}(\sigma_{1}+i\sigma_{2})=(\begin{array}{ll}0 10 0\end{array})$ ,
$\sigma_{-}\equiv\frac{1}{2}(\sigma_{1}-i\sigma_{2})=(\begin{array}{ll}0 01 0\end{array})$
, $\sigma\pm$ $\sigma_{3}$ .91(2) .
$[\sigma_{3}, \sigma_{+}]=2\sigma_{+}$ , $[\sigma_{+}, \sigma_{-}]=\sigma_{3}$ , $[\sigma_{-}, \sigma_{3}]=2\sigma_{-}$ (57)
$[\sigma_{i}, \sigma_{i}]=(\begin{array}{ll}0 00 0\end{array})$ $(i=3, \pm)$ (58)
.
$B$
, AKNS $sl(2)$ , .
2 $\psi=(\begin{array}{l}\phi_{1}\phi_{2}\end{array})$ $\mathcal{M}$ $\mathcal{N}$ , 2
:
$\{\begin{array}{l}\mathcal{M}=[Matrix]\mathcal{N}=[Matrix]\end{array}$ (59)
. $q=q(t, x, z)$ , $r=r(t, x, z)$ , $A=A(\xi;q, r, q_{x}, r_{x}, \ldots.)$ ,
$B=B(\xi;q, r, q_{x}, r_{x}, \ldots.),$ $C=C(\xi;q, r, q_{x}, r_{x}, \ldots.)$ , $D=D(\xi;q, r, q_{x}, r_{x}, \ldots.)$
$17\sigma_{j}=i\hat{\sigma}_{j}$ , Pauli ( ) .
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18. , $\mathcal{M}$ $\mathcal{N}$
$[\mathcal{M}, N]=(\begin{array}{ll}qC-Br -2i\xi B+qD-Aq2i\xi C+rA-Dr rB-Cq\end{array})$ (60)





. $A-D$ , (61) (62)
,
$\partial_{x}(A+D)=0\Leftrightarrow A+D=\gamma(\xi;t,z)$ (65)
. , $y(\xi;t, z)$
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